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This study aimed to evaluate the activities of the ectoenzymes NTPDase and 50-nucleotidase in synapto-
somes from cerebral cortex of rats experimentally infected with Trypanosoma evansi. The animals were
divided in four groups (n = 10) according to the time and degree of parasitemia (groups A, B, C and D).
The animals from group A were euthanized on day 3 (low parasitemia), group B on day 5 (high parasite-
mia) and group C on day 15 (low parasitemia). Group D consisted of healthy rats (not-infected, n = 15)
and were divided in three periods (n = 5) in order to compare with the infected groups. After euthanasia,
cerebral cortex was removed for the preparation of synaptosomes and enzymatic assays. Group A showed
no changes in enzymatic activities compared with control. The hydrolysis of ATP, ADP and AMP by the
enzymes NTPDase and 50-nucleotidase were increased (P < 0.05) in group B (38%, 140% and 61%, respec-
tively) when compared with control. In the group C it was observed a decreased (22%) hydrolysis of ATP
when compared with control group. The activities of NTPDase and 50-nucleotidase in synaptosomes alters
the acute phase of the disease when the number of circulating parasites is high, thus the change observed
is probably due to the parasitemia.
 2011 Elsevier Inc. Open access under the Elsevier OA license.1. Introduction
Trypanosoma evansi is the causative agent of trypanosomosis,
which affects domestic and wild animals. This disease is also called
‘‘Surra’’ in Asia and Africa or ‘‘Mal das Cadeiras’’ in Brazil (Faye
et al., 2005). The changes caused by infection with this parasite
are multifactorial, occurring several clinical signs in hosts,
including elevation of body temperature, weight loss, weakness
and neurological signs (Ngeranwa et al., 1993). Clinical signs of
neurological disorders are reported in horses, camels, buffaloes,
cattle, deer, dogs and cats infected by T. evansi. Brain lesions were
reported in cattle and horses (Tuntasuvan et al., 1997, 2000; Rodri-
gues et al., 2009; Berlin et al., 2009; Da Silva et al., 2010). Rats are
highly susceptive to T. evansi and the infection induces hematolog-
ical, biochemical and pathological changes associated with ataxia,
tremors and terminal coma of non-treated animals (Wolkmer
et al., 2009). Human infection by T. evansiwas reported for the ﬁrst
time in 2005 in an Indian farmer which showed signs of sensoryicrobiology and Parasitology,
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evier OA license.deﬁcit, disorientation and violent behavior (Joshi et al., 2005).
The neurological signs are commonly observed in animals infected
with T. evansi, and this fact is attributed to the mechanism of im-
mune evasion by passing the blood–brain barrier by the parasite
and changes in neurotransmitters.
The study of central nervous system (CNS) neuromodulators
which can contribute for elucidation in immunopathology and
neuromodulators of neurological disorders and brain lesions in-
duced by species of trypanosomes. These processes are involved
the nucleotides ATP, ADP and AMP are secreted by leukocytes,
platelets and damaged endothelial cells, and used as mediators
able to modulate the process of inﬂammation and vascular throm-
bosis. They also have important roles in inducing immune response
and in many biological processes such as smooth muscle contrac-
tion, neurotransmission and pain (Ralevic and Burnstock, 1998;
Sitkovsky, 1998; Sneddon et al., 1999).
Ectonucleotidases hydrolyze extracellular nucleotides in their
respective nucleosides. Among them are the NTPDase (ecto-
diphosphohydrolase, apyrase or CD39), which hydrolyze ATP and
ADP into AMP, then the 50-nucleotidase hydrolyses AMP to adeno-
sine (Zimmermann, 1996). In the cerebral cortex there are vesicles
called synaptosomes, which store and release neurotransmitters
such as ATP, and in the synaptosomal fraction ectoenzymes has
been characterized and several studies on the activity of these
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logical conditions were carried out (Schadeck et al., 1989; Rocha
et al., 1990; Battastini et al., 1991; Müller et al., 1993; Wyse
et al., 1994; Schetinger et al., 1994).
ATP is an important neurotransmitter and neuromodulator
and has an essential role in neural plasticity. The product of
its hydrolysis is adenosine, responsible for the modulation of
neural activity in pathological conditions, for example, trypanos-
omosis by T. evansi, which is characterized by neurological and
nervous system damage (Tuntasuvan et al., 1997, 2000; Rodri-
gues et al., 2009; Berlin et al., 2009). This study aimed to evalu-
ate the activities of the enzymes NTPDase and 50-nucleotidase in
synaptosomes from cerebral cortex of rats experimentally in-
fected with T. evansi.2. Material and methods
2.1. Reagents
The substrates ATP, ADP, AMP, p-nitrophenyl thymidine 50-
monophosphate (p-Nph-50-TMP), adenosine, as well as Trizma
base, sodium azide, HEPES and Coomassie Brilliant Blue G were ob-
tained from Sigma Chemical Co. (St. Louis, MO, USA) and bovine
serum albumin, K2HPO4, from Reagen. All the other chemicals used
in this experiment were of the highest purity.
2.2. Experimental animals
We used 45 male rats (Rattus norvegicus) with 70 days old (250–
300 g). The animals were kept in cages and placed in an experi-
mental room with controlled temperature and humidity (25 C
and 80% RH) and had free access to water and commercial chow
throughout the experiment. All animals were treated with pyrantel
pamoate, praziquantel and fenbendazole, and submitted to an
adaptation period of 15 days before the beginning of the experi-
mental period (day 0).
The procedures were approved by the Animal Welfare Com-
mittee of Universidade Federal de Santa Maria (UFSM), number
2009-63, in accordance to Brazilian laws and ethical principles
published by the Colégio Brasileiro de Experimentação Animal
(COBEA).
2.3. Groups and trypanosome infection
The strain of T. evansi used came from a naturally infected dog
in the city of Uruguaiana, RS (Colpo et al., 2005), maintained in
liquid nitrogen. Seeking for larger volumes of infected blood for
inoculation, cryopreserved isolates were ﬁrstly inoculated intra-
peritoneally in one rat (R1). When parasitemia reached six trypan-
osomes per microscopic ﬁeld (1000) the animal was
anesthetized for blood sampling and further inoculation of groups
A, B and C.
For the experiment, thirty rats were inoculated intraperitone-
ally with 0.2 ml of blood from one rat experimentally infected
(R1); containing 2.5  106 trypanosomes, using methods described
by Assoku (1975). Fifteen rats were used as negative controls,
receiving 0.2 ml of saline solution by the same way.
The animals were grouped according to the degree of parasi-
temia and time of infection (Wolkmer et al., 2007). Thus, group
A consisted of rats with 3 days post-infection (PI), group B con-
sisted of rats with 5 days PI and group C consisted of rats with
15 day PI. Group D (non-infected rats) were divided into sub-
groups D1, D2 and D3 (n = 5) for comparison with the infected
animals on days 3 (group A and D1), 5 (group B and D2) and
15 (group C and D3) PI.2.4. Estimate of parasitemia
Parasitemia was estimated daily by microscopic examination of
smears. Each slide was mounted with blood collected from the tail
vein, stained by the panoptic method, and visualized at a magniﬁ-
cation of 1000 (Da Silva et al., 2006).
2.5. Samples collection
The animals were anesthetized in a chamber with isoﬂurane for
further collection of brain. Then, the cerebral cortex was isolated to
obtain synaptosomes and placed in tubes kept at 4 C during the
procedure. A fragment of the cerebral cortex was stored in 10% for-
malin for histological analysis.
2.6. Enzymatic analysis
The synaptosomes were isolated as described by (Nagy and Del-
gado-Escueta, 1984), using a discontinuous Percoll gradient. The
cerebral cortex was gently homogenized in 10 volumes of an ice-
cold medium (medium I), consisting of 320 mM sucrose, 0.1 mM
EDTA and 5 mM HEPES, with a pH of 7.5, in a motor driven Teﬂon-
glass homogenizer and then centrifuged at 1.000g for 10 min. An
aliquot of 0.5 ml of the crude mitochondrial pellet was mixed with
4.0 ml of an 8.5% Percoll solution and layered into an isoosmotic
discontinuous Percoll/sucrose gradient (10/16%). The synapto-
somes that banded at the 10% and 16% Percoll interface were col-
lected with a wide-tip disposable plastic transfer pipette. The
synaptosomal fraction was washed twice with an isosmotic solu-
tion by centrifugation at 17.200g for 20 min to remove the contam-
inating Percoll. The pellet from the second centrifugation was
suspended in the isosmotic solution and the ﬁnal protein concen-
tration was adjusted to 0.4–0.6 mg/ml. Synaptosomes were pre-
pared fresh daily, maintained at 0–4 C throughout the procedure
and used for NTPDase and 50-nucleotidase assays. The synaptoso-
mal preparation was considered viable, because it showed a break
below 10% (Schetinger et al., 2001).
Protein content was measured by the Coomassie Blue method
according with Bradford (1976), using bovine serum albumin as
the standard. This assay is based on the binding of the dye Coomas-
sie Blue G-250 to protein, and this binding is accompanied by mea-
suring the absorbance maximum of the solution at 595 nm.
The NTPDase enzymatic assay was carried out in a reaction
medium containing 5 mM KCl, 1.5 mM CaCl2, 0.1 mM EDTA,
10 mM glucose, 225 mM sucrose and 45 mM Tris–HCl buffer, pH
8.0, in a ﬁnal volume of 200 ll as described in a previous study
from our laboratory (Schetinger et al., 2001). Twenty microliters
of enzyme preparation (8–12 lg of protein) were added to the
reaction mixture and preincubated at 37 C for 10 min. The reac-
tion was initiated by the addition of ATP or ADP to obtain a ﬁnal
concentration of 1.0 mM and incubation proceeded for 20 min in
either case. 50-Nucleotidase activity was determined essentially
by the method of Heymann et al. (1984), in a reaction medium con-
taining 10 mM MgSO4 and 100 mM Tris–HCl buffer, pH 7.5, in a
ﬁnal volume of 200 ll. Twenty microliters of enzyme preparation
(8–12 lg of protein) were added to the reaction mixture and
preincubated at 37 C for 10 min. The reaction was initiated by
the addition of AMP to a ﬁnal concentration of 2.0 mM and
proceeded for 20 min. In all cases, the reaction was stopped by
the addition of 200 ll of 10% trichloroacetic acid (TCA) to obtain
a ﬁnal concentration of 5%. Then, the tubes were chilled on ice
for 10 min. The released inorganic phosphate (Pi) was assayed by
the method of (Chan et al., 1986), using malachite green as color-
imetric reagent and KH2PO4 as standard. Controls were carried
out by adding the synaptosomal fraction after TCA addition to
correct for non-enzymatic nucleotide hydrolysis. All samples were
Fig. 1. Hydrolysis of ATP, ADP and AMP in synaptosomes of rats experimentally
infected with T. evansi on 3, 5 and 15 post-infection (⁄ANOVA – Tukey test:
P < 0.05).
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leased/min/mg of protein.
2.7. Histopathology
Histopathologically, it was investigated a possible damage to
the central nervous system of rats infected with T. evansi. From
sagittal sections with an interval of 3 mm between regions were
mounted slides of cerebral cortex, striatum, hippocampus, cerebel-
lum and lumbar spinal. Slides were stained with hematoxylin and
eosin.
2.8. Statistical analysis
The data were submitted to the one-way analysis of variance
(ANOVA) followed by the Tukey’s test (P < 0.05).
3. Results
3.1. Parasitemia and clinical course of infection
The examination of peripheral blood smears showed that the
prepatent period in rats experimentally infected had a variation
between 24 and 72 h. The rats from group A (day 3) showed low
parasitemia (mean of two parasites per microscopic ﬁeld; 1000
magniﬁcation) without clinical signs. Animals from group B (day
5) showed high parasitemia mean 144 parasites per ﬁeld), and clin-
ical signs such as apathy, incoordination and seizures. Rodents
from group C (15) demonstrated a low parasitemia during the
experimental period, which ranged between 0 and 1 parasite per
ﬁeld during the experiment, and the animals showed no
abnormality.
3.2. Enzymatic analysis
The results obtained from enzymatic analysis of synaptosomes
from cerebral cortex of rats can be seen in (Fig. 1). The animals
from group A (early infection) showed no signiﬁcant changes in
enzymatic activity related to the hydrolysis of ATP, ADP and
AMP. In group B there was an increase (p < 0.05) in ATP (38%),
ADP (140%) and AMP (61%) degradation compared to control. In
group C a signiﬁcant decrease was observed only in ATP hydrolysis
(22%) in the infected compared with uninfected animals.
3.3. Histology
In groups A, B and C were not observed histological changes that
give evidence to damage in the CNS, as well as in group D.
4. Discussion
This study sought to assess the activities of ectonucleotidases
(NTPDase and 50-nucleotidase) in the cerebral cortex of animals
experimentally infected with T. evansi, to link it with neurological
signs characteristics of trypanosomosis. Recently it was observed
an increase in the activity of acetylcholinesterase (AChE) (Da Silva
et al., 2010) and a reduction of adenosine deaminase activity (Da
Silva et al., 2011) in the brain of rats experimentally infected with
this protozoan, enzymes involved in neurotransmission and neuro-
modulation, respectively. In this study, we discuss the role of ecto-
nucleotidases in the infection by T. evansi, a subject which was not
assessed before in infections by this parasite.
In group A, neither clinical alteration not signiﬁcant changes in
nucleotide hydrolysis was observed, possibly because of low para-
sitemia and the short period of infection. In rats from group B itwas observed a signiﬁcant increase in the activity of the enzymes
NTPDase and 50-nucleotidases, involved in various functions of
the CNS, such as neuromodulation and neurotransmission (Agresti
et al., 2005). Infected animals showed high parasitemia and clinical
signs, thus characterizing the acute infection and possibly the pres-
ence of T. evansi in the CNS as described earlier (Tuntasuvan et al.,
2000; Sudarto et al., 1990). Studies by our research group, found at
4 days PI the presence of T. evansi in the brain of rats, period in
which we observed, in this study, the increase in ectonucleotidases
activities.
It is suggested that this increase in the ectonucleotidases activ-
ities in group B is directly related to the increased concentration of
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modulator agent. In a recent study, Da Silva et al. (2011) observed
that rats infected with T. evansi show a reduction in ADA activity in
the brain, with the objective of increase levels of adenosine, the
same purpose has ectonucleotidases that increased their activity
this study. The same association can be done with the enzyme
50-nucleotidase that is increased in 5 days PI, which interferes di-
rectly in the production of adenosine and performs important
functions, depending on its tissue location, such as the regulation
of vascular tone and neuroprotection (Zimmermann et al., 1998;
Kawashima et al., 2000).
On day 5 PI increased NTPDase and 50-nucleotidase activities
could be related to an inﬂammatory process in the CNS, but in
the histological analysis this fact was not conﬁrmed. We believe
that this increased in the enzymatic activity may be related to
the large number of circulating parasites in the brain, as previously
described (Da Silva et al., 2011). Also, the increased enzymatic
activity may be associated with elevated release of ATP, which pro-
motes an increase in the levels of intracellular calciummediated by
P2X receptors, and this event could represent a signiﬁcant damage
to the cells (Edwards et al., 1992). We believe that the increase in
ATP level may be related to the neurologic signs observed in rats,
because this could lead to excitotoxicity by excitatory neurotrans-
mitters release, such as glutamate (Lima et al., 2007).
The neurological clinical signs showed by infected animals in
group B can be a consequence of alterations in the CNS, the level
of neurotransmitters such as ATP. The neurological clinical signs
have been described in several animal species (Seiler et al., 1981;
Cadioli, 2001; Tuntasuvan et al., 1997; Tuntasuvan and Luckins,
1998; Tuntasuvan et al., 2003), as well as the neurological damages
in equine with trypanosomosis, which showed intense and diffuse
encephalitis associated with demyelination and necrosis (Rodri-
gues et al., 2009). Bonan et al. (2000) also reported an increase in
the hydrolysis of ATP and ADP in temporal lobe of rats with epi-
lepsy, as well as Spanevello et al. (2006) which observed an in-
creased activity of the enzymes NTPDase and 50-nucleotidase in
animals submitted to the demyelination. It is noteworthy to men-
tion that the demyelination associated with brain injuries have
been described in horses infected with ﬂagellates (Rodrigues
et al., 2009), but this change was not observed in rats in this study.
In the group C with low parasitemia, suggesting chronic infec-
tion, we observed a decreased hydrolysis of ATP compared to con-
trol. The reduction of NTPDase activity may have a compensatory
effect, in order of increase the concentrations of neurotransmitter
(ATP) in the brain of rats infected with T. evansi. This may be re-
lated to the low number of circulating parasites, period of infection
and reduced inﬂammatory response, as already observed in other
studies (Da Silva et al., 2011). However, more research is needed
to elucidate the causes and consequences of the enzymatic changes
observed.
Based on the results we can conclude that infection with T.
evansi in rats increases the hydrolysis of ATP, ADP and AMP in
the acute phase, due an increased activity of the enzymes NTPDase
and 50-nucleotidase. We believe that the activation of these en-
zymes in the purinergic system has the function of increasing the
concentrations of adenosine in the CNS in order to promote neuro-
protection and neuromodulation.References
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